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Device properties
Functionality
Safety/privacy
Patient care
Medical outcome
Information/integration
Organizational issues
Usability
PatientManagement Colleague Clinician
IT infra-
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Low fidelity Medium fidelity High fidelity
Prototype fidelity
Paper mock-up Screen-based prototype Functional prototype 
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Increased control (less realism) Increased realism (less control)
Lab-based usability evaluations Field evaluations
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“Hm.”Nods, turns
towards patient
Turns towards
physician
“That’s regards
now in the
beginning”
“And it’s actually better to take it [painkillers] before the
worst pain peak, [0,6] than biting your teeth together
and wait as long as possible”
“Let’s see, you are usually
taking some cardiovas-
cular medicine”
And then take a
Paracet in addition”
Turns towards
computer and moves
hand to mouse
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Background: While much is known about how to do usability testing of stationary Electronic
Patient Record (EPR) systems, less is known about how to do usability testing of mobile ICT
systems intended for use in clinical settings.
Aim: Our aim is to provide a set of empirically based recommendations for usability testing
of mobile ICT for clinical work.
Method: We have conducted usability tests of two mobile EPR systems. Both tests have been
done in full-scale models of hospital settings, and with multiple users simultaneously. We
report here on the methodological aspects of these tests.
Results: We found that the usability of the mobile EPR systems to a large extent were deter-
mined by factors thatwent beyond that of the graphical user interface. These factors include
ergonomic aspects such as the ability to have both hands free, and social aspects such as
to what extent the systems disturbs the face-to-face interaction between the health worker
and the patient.
Conclusions: To be able to measure usability issues that go beyond what can be found by
a traditional stationary user interface evaluation, it is necessary to conduct usability tests
of mobile EPR systems in physical environments that simulate the conditions of the work
situation at a high level of realism. It is further inmost cases necessary to test with a number
of test subjects simultaneously.
© 2008 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
Most Electronic Patient Record (EPR) systems currently run
only on stationary computers, while empirical studies of clini-
cal work in hospitals show that health workers are constantly
on the move in a highly event-driven working environment
[1]. Clinical work is information and communication inten-
sive and highly mobile [2]. EPR content is currently to a large
extent produced and utilized in point-of-care settings away
from the computers through the use of paper printouts, hand-
∗ Corresponding author at: Department of Computer and Information Science, Norwegian University of Science and Technology, 7491
NTNU Trondheim, Norway. Tel.: +47 91897536.
E-mail address: dags@idi.ntnu.no (D. Svanæs).
written notes, and voice memos; while actual interaction with
the EPR is done while sitting down at a stationary computer.
This creates an obvious potential for mobile computing in
healthcare.
To best support health workers in their everyday work, the
hospital’s EPR system should allow for interaction with the
patient’s medical information at the point of care. A number
of studies of existing systemshave documented the beneﬁts of
mobile computing in health care [3,4], and other studies indi-
cate additional beneﬁts from the use of context information
1386-5056/$ – see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ijmedinf.2008.06.014
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such as the health worker’s location and electronic patient
identiﬁcation [5–7].
Moving the user interfaces of EPR systems on to mobile
devices creates new challenges for system design and usabil-
ity evaluation. Since its infancy at Xerox Parc in the late 1970s
[8], usability testing of information systems has matured to
an established practice in the software industry, with an ISO-
deﬁned common industry format for reporting test results
[9]. Up until recently, most software products being tested
were desktop based, i.e. single-user software running on
a desktop computer with input through a keyboard and a
mouse. This situation is now changing as more software is
being produced for mobile devices such as mobile phones
and PDAs. This creates new methodological and technological
challenges.
From a usability perspective, the main difference between
desktop-based and mobile computing is related to the use
situation. The prototypical use situation for desktop-based
applications is one-user sitting on a chair in front of a table
looking at a screen with his or her hands on the keyboard and
the mouse. Mobile technology, on the other hand, is to a much
larger degree embedded into the user’s web of physical and
social life. Dourish [10] uses the concept of embodied interac-
tion when referring to this. Embodied interaction, as argued
by Dourish, is characterized by presence and participation in
the world. As such, interaction with mobile technology is not
a foreground activity to the same extent as interaction with
desktop-based systems, but switches between being at the
foreground of the user’s attention and residing silently in the
background.
The hospital as a work environment makes usability eval-
uations even harder, as compared to for example everyday
use of mobile phones. Mobile ICT in healthcare is often inte-
grated with a number of other ICT systems, serves a number
of different user groups, and must allow for use in a num-
ber of different physical environments. Usability testing of
mobile technology in healthcare consequently requires new
ways of designing and doing the tests, new ways of recording
user and system behavior, and new ways of analyzing the test
data.
In the present paper we will address some of the method-
ological and practical challenges related to usability testing
of mobile ICT for healthcare. This will be done by sum-
ming up our experience from two usability evaluation projects
of mobile EPR done in a full-scale model of a hospital
ward.
We have posed two research questions. (1) What classes
of usability problems should a usability test of mobile ICT for
clinical settings be able to identify? (2) What are the conse-
quences concerning testmethodology, lab setup and recording
equipment? We will answer the ﬁrst question by analyzing the
usability issues that emerged in the two projects. The next
question will be answered by analyzing what aspects of our
existing test methodology, lab setup and recording equipment
that contributed to the identiﬁcation of these usability issues.
Based on this, we will give some general recommendations for
usability testing of mobile ICT for clinical settings.
We are aware of the limitations given by the low number
of projects, and will discuss the threats to validity that this
poses.
2. Background
2.1. Mobile technology deﬁned
There is at present no consensus on a deﬁnition of mobile
technology. In [11], Weilenmann does a review of the litera-
ture on mobile usability and ends with a fairly open deﬁnition
of mobile technology: “. . .a technology which is designed to
be mobile” (p. 24). For the purpose of the present analysis we
prefer a more precise deﬁnition. We deﬁne mobile technology
as technology that provides digital information and commu-
nication services to users on the move either through devices
that are portable per se, or through ﬁxed devices that are easily
ready at hand at the users’ current physical position.
Concerning computer devices, the above deﬁnition
includes Tablet PCs, PDAs and mobile phones, but also opens
up for ubiquitous and pervasive technologies, multi-user,
and multi-device systems. It excludes the desktop computer,
deﬁned as a one-user-at-a-time stationary computer with
display, keyboard and mouse.
2.2. Usability deﬁned
Up until the late 1990s there was no well-established deﬁni-
tion of usability. A long discussion in the ﬁeld has led to an
ISO deﬁnition of usability. ISO 9241-11 [12] deﬁnes usability as
the “extent to which a product can be used by speciﬁed users
to achieve speciﬁed goals with effectiveness, efﬁciency and
satisfaction in a speciﬁed context of use”. An important prop-
erty of usability as deﬁned by ISO is that it is relative to the
users, their goals and the physical and social context of use.
This makes the deﬁnition of usability context-dependant [13],
and different from context-free deﬁnitions such as that of the
meter, which is the same for every user, every goal and every
physical and social environment. By deﬁning usability relative
to users, goals, and environment, it becomes meaningless to
talk about usability as a property of a product as such. A mod-
ern “smartphone” can have a high usability for an adult user
who wants to use it for a multitude of tasks. Due to the neces-
sary complexity at the user interface, the same mobile phone
might have a very lowusability for her childwho simplywants
to call her mother.
2.3. Usability evaluation of mobile technology
The physical shape of the PC has converged into two domi-
nant forms, the desktop computer and the laptop. This de facto
standardization makes it possible to develop software for PCs
without having to care about hardware issues.
For mobile devices the situation is far more complex.
We ﬁnd a multitude of form factors, screen sizes, interac-
tion technologies, and button conﬁgurations. Mobile devices
range from one-button controllers for garage doors to “smart-
phones” with full QWERTY keyboards. They take input
through different combinations of buttons, touch screens,
navigation wheels, voice recognition, and pen input. Some
devices have no screens, some have very small screens, some
have fairly large high-resolution screens, while some even
have two screens. From a usability perspective, the obvious
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implication is that every evaluation of a mobile application or
service will at the same time be an evaluation of the device(s)
on which it runs.
Since Weiser coined the term “ubiquitous computing” in
the early 1990s [14], therehave beenanumber of usability eval-
uations of non-desktop systems, both under controlled labo-
ratory conditions (e.g. [15]) and through ﬁeld trials (e.g. [16]).
A number of studies have compared stationary usability
testing and ﬁeld testing for mobile technology (e.g. [17,18]).
The usability tests took place in “traditional” usability labo-
ratories, and consisted of testing the mobile application in a
stationaries use setting. The ﬁeld trials involved following the
users in their natural setting. The studies concluded that both
evaluation methods have their speciﬁc pros and cons, and
that they complement each other. Usability tests are better at
identifying details of the interaction, while it lacks in realism.
Field trials are better at identifying contextualmatters, but it is
often difﬁcult to get feedback on speciﬁc user interface issues.
3. Method
3.1. A usability laboratory for mobile ICT in medical
settings
As part of a national research initiative on health informatics
inNorway (NSEP),wegot funding to build ausability laboratory
for evaluation of mobile applications in the health domain.
Being aware of the drawbacks of traditional desktop-based
usability tests for mobile technology, we started out by con-
ducting a comparative usability evaluation to verify the results
of Kjeldskov et al. [17]. The study [19] veriﬁed their results and
motivated the construction of a laboratory that allows for a
large degree of realism. The health domain differs from many
other domains in that ﬁeld trials are very difﬁcult. This is due
to medical, ethical and practical reasons. This gave an addi-
tional motivation for building a usability laboratory, and not
relying on ﬁeld tests.
To compensate for the lack of realism in traditional usabil-
ity tests, we have built a laboratory with movable walls in a
10m× 8m room that allows for full-scale simulations of dif-
ferent hospital settings. Our hope is that this approach will
give us the best of desktop usability tests and ﬁeld trials. The
laboratory has been used for testing of mobile and ubiqui-
tous computing [20], and for doing drama-based participatory
design [21]. In Fig. 1 we see a typical setup of the laboratory
where the movable walls and doors are conﬁgured to mimic a
section of award in an averageNorwegian hospital. The rooms
are equipped with patient beds, chairs and tables to create a
high level of realism.Wehave consulted healthworkers in this
process.
For recording of user data we use a fully digital Noldus
video-recording solution with our own adjustments and
extensions. We currently have three roof-mounted remote
control cameras, a number of stationary cameras, wireless
“spy” cameras, wireless microphones, an audio mixer, and
software solutions for doing remote “mirroring” of the content
on the mobile devices. The recording equipment allows us to
integrate a number of video and screen capture streams into
a high-deﬁnition video digital recording. At the most we have
integrated in real-time three video streams and live screen
capture from seven mobile devices; together with audio from
four microphones.
4. The two experiments
We will report here from two usability evaluations done in
the usability laboratory by the authors. Both evaluations were
controlled experiments exploring the potential for mobile and
ubiquitous computing in the hospital. The aim of the two
studies was to compare speciﬁc technological solutions. The
results from the comparison tests have been reported else-
where [22,23], while the consequences for test methodology
were not discussed. We will here summarize the lessons
learned from the two experiments concerning usability eval-
uation methodology.
4.1. Experiment 1: combining handheld devices and
patient terminals
A number of new hospitals now install bedside terminals for
the patients. Such terminals are currently to a large extent
used for entertainment and web browsing. The patient termi-
nal is basically a PCwhere all input and output is done through
a touch screen. The patient terminal is mounted on a movable
arm (see Fig. 2), so that it canbemovedaccording to thepatient
or staff’s preferences.
In cooperation with one of the vendors of these terminals,
we explored the potential for letting physicians use handheld
devices (PDAs) as input device for the bedside terminals. Seven
different prototype PDA user interfaces were implemented, in
Fig. 1 – The usability laboratory.
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Fig. 2 – A bedside patient terminal.
addition to a baseline solution where all interaction was done
directly on the patient terminal touch screen. The eight alter-
native designs were tested on a scenario where a physician
uses a bedside terminal to show X-ray images to a patient.
Fig. 3 shows two of the prototypes. On the solution to the left,
the physician selects an X-ray image by dragging it to a termi-
nal icon on the PDA. On the solution to the right, the physician
uses the PDA as a remote control to navigate in a menu on the
bedside terminal.
Due to patient safety and privacy issues, we were not
allowed to test the prototypes in situ. The usability tests were
done in our usability laboratory with a replication of a patient
roomwith ahospital bed, a touch screenbedside terminal, and
a PDA. Due to the nature of the scenario, the tests were done
with pairs of users, one physician and one patient. A total of
ﬁve pairs were recruited. Fig. 4 shows the recorded video from
a usability test of a third design alternative. The integrated
video has two video streams to the left and a mirror image of
the PDA to the right.
After having tried out all versions, the physicians and
patients were asked to rank the different solutions by sorting
cards representing the alternatives. They were asked to give
reasons for their ranking.
The ranking session for each alternative was recorded, and
thepost-test interviewswere transcribed. The interviewswere
then analyzed in search of recurring patterns. The comments
made in the tests and during the card rankings gave insight
into the factors that were perceived as inﬂuencing the usabil-
ity. All factors listed below were found for all pairs of testers.
4.1.1. The graphical user interface
The usability of the graphical user interfaces (GUI) on the
two devices had an important impact on the overall usability.
When the users were unable to comprehend the user inter-
faces, or when they were awkward to use, the corresponding
design alternatives got a low ranking.
The usability of the graphical user interface is here deﬁned
as what is normally evaluated with a stationary usability test
on a desktop computer. It includes the visual design, the ease
of use of the interactive screen elements, and factors such
as affordance, constraints, visibility, feedback, and interface
metaphors. The simplicity of the GUI was explicitly appreci-
ated by many of the users.
4.1.2. Screen size and ergonomics of the patient terminal
All participants reported that the screen of the patient termi-
nal was large enough to show X-ray images, while the screen
of the PDA was too small for this purpose. Having the patient
terminal positioned by the bed within arm’s reach from the
patient made the X-ray images easy to see for both physician
and patient. The terminal was easy to operate for the patients
through touch, while some physicians were uncomfortable
with the solution, as they had to bend over the patient’s bed
to reach it. Some physicians commented that a good thing
about the PDA-based design alternatives versus the baseline
alternative (no PDA) was that they no longer had to bend
over the patient’s bed to operate the terminal. This inﬂuenced
their ranking of the alternatives in favor of the PDA-based
solutions.
4.1.3. Shared view versus hiding information on the PDA
One recurring issue during the interviews was whether the
selection list should be on the patient terminal or only on
the PDA. Four of the design alternatives had the list of X-ray
images present on the patient terminal all the time, while the
remaining four had the list only on the PDA. Most physicians
thought at ﬁrst that there was no point in hiding the list for
the patient, while some meant that the list could distract the
patient. Some were afraid that the patients would interpret
information on the list without having the skills to do so.
Most of the patients initially wanted the list to be present
on the screen. They wanted to see an overview of the images
and felt that the physician was keeping secrets for them when
the list was not present. Two of the patients changed their
mind during the tests, and felt that the list took too much
attention. They felt that it was easier to focus on the X-ray
images and the physician when the list was not present. One
patient felt that he had enough conﬁdence in the physician
that it did not matter whether the list was present or not.
Fig. 3 – Two of the eight design alternatives that were evaluated.
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Fig. 4 – The physician uses her PDA to select an X-ray image to show to the patient.
The evaluation was inconclusive as to whether the physi-
cians should be “allowed” to have “secret” information on the
PDA. The answer to this question is not relevant here, what is
important are the arguments used in the preference ranking.
The arguments for allowing some of the information to reside
only on the PDA were related to optimal use of the screen for
showing X-rays, and hiding of unnecessary information. The
arguments for sharing all information on the patient terminal
were related to trust and overview.
4.1.4. Focus shifts and time away from the patient
Almost all physicians commented that the PDA became an
extra device to focus on. One of the physicians reported: “I
get two places to see, and I experience that I speak less to
the patient. I have to share my focus between there [patient
terminal], there [PDA], and the patient. It’s quite demanding,
and I have to share my focus between three different levels”.
The results from the usability test showed that the change
of focus between the PDA and the patient terminal was quite
demanding for most of the physicians, and it became a dis-
turbing element in the communication with the patient. The
arguments made by the test subjects during the preference
ranking indicate that design alternatives requiringmany focus
changes between PDA and patient terminal were rated lower
than less demanding design alternatives.
When the physicians and the patients looked at or used
the same screen, they felt that they were communicating on
the same “level”. When the physicians started using the PDA,
some of them felt that it became a disturbing element in the
conversation and that they now were communicating on dif-
ferent “levels”.
4.2. Experiment 2: automatic identiﬁcation of patients
at point of care
The aim of this evaluation was to assess and compare the
usability of different sensor-based techniques for automatic
patient identiﬁcation during administration of medicine in a
ward.
Lisby et al. [24] analyzed the frequency and cause of med-
ication errors in a Danish hospital. They found that 41% of
the errors were related to administration. Of these, 90% were
caused by wrong identiﬁcation of patients. Currently, few hos-
pitals have computer systems supporting the administration
of medicine at the point of care. A recent study of the use
of technology in drug administration in hospitals shows that
only 9.4%ofUShospitals have IT systems that allow thenurses
to verify the identity of thepatient and checkdoses at thepoint
of care [25].
During drug administration, a health worker (typically a
nurse) distributes prescribed medicine to ward patients. The
nurse also signs off on the respective patients’ medication
chart that the medicine has been administered and taken. For
simplicity, the chosen test setup involved only two patients.
Moreover, it was assumed that the patients were located in
their respective beds throughout the whole scenario. For sim-
plicity, it was also assumed that the correct medicine dosage
for the respective patients was carried in the health worker’s
pockets. Fig. 5 shows a health worker in front of the ﬁrst of the
two patient beds.
The problem being addressed in the developed prototypes
was that of identifying the correct patient at the point of care.
A typical solution for patient lookup on a PDA or bedside ter-
minal would be name search or selection from a patient list.
These are activities that take time, and where the potential
for error is large. By adding new ubiquitous-computing tech-
nology to the mobile EPR, such as token readers or location
sensing, there is a potential for automating patient identiﬁca-
tion.
Four different design solutions to the problem of automatic
patient identiﬁcation were compared. The four alternatives
were the 2× 2 possible combinations of two sensing technolo-
gies and two device technologies. The two sensor technologies
were barcodes (token-based) and WLAN positioning (location-
based). The WLAN positioning system used consisted of
directional antennas in the ceiling that continuously detected
the physical position of all WLAN devices in the room to an
accuracy of approx. 0.5m. The two device technologies were
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Fig. 5 – Location-based and token-based interaction.
wireless PDAs (mobile) and bedside touch-screen terminals
(stationary). An implicit assumption in the prototype imple-
mentations was that the computing devices could retrieve
medication charts from an EPR system. The user interface for
themedication chartwasmade extremely simple, as the focus
of the study was not on medication charts, but on automatic
identiﬁcation of patients.
A total of eight Norwegian health workers (seven nurses
and one physician) were recruited from a local hospital. We
had two persons with experience from health care simulate
the two patients. The test participants were also encouraged
to interact with the persons simulating patients just as they
would do in an everyday work situation.
As in Experiment 1, the test subjects were asked to rank
the four alternativeswhile explaining their rankings. The tran-
scripts from the ranking sessions were analyzed in search of
factors that inﬂuenced their ranking. These are summarized
below.
4.2.1. Time on computer devices versus time on patient
Many test participants expressed a general concern that cum-
bersome information navigation would require them to pay
too much attention to the computer devices, rather than
attending the patient. They consequently all saw the beneﬁt
of automatic patient identiﬁcation.
The two location-based interaction techniques got a high
ranking. These design alternatives took advantage of the
user’s natural mobility in the physical environment. The fact
that these techniques allowed patient identiﬁcation to occur
in the background of the user’s attention can be viewed as an
important reason for their high rating. According to one test
subject, retrieving medication information based on a care-
giver’s physical location “gives meaning simply because you
necessarily have to be with the patient when administering
his medicine.”
In order to retrieve patient information via tokens (i.e.
barcodes), the users had to explicitly scan them. The test
participants who preferred location-based interaction to
token-based interaction argued that barcode scanning took
attention away from the patient and the care situation.
4.2.2. Predictability and control
Earlier work on context-aware/ubiquitous computing has
pointed out that autonomous/automatic computer behavior
often comes at the cost of user control [26,27]. The conducted
usability tests revealed similar tendencies. Users that pre-
ferred token-based interaction to location-based interaction
found that getting computer response as a result of an explicit
and deliberate action gave them a feeling of greater control
over the application. According to some test participants, the
feeling of control over the application made the computer sys-
tem seem (quote) “safer” to use. In other words, it made the
users more certain that they were signing off on the correct
patient medication chart.
We found that the potential lack of control some users
experienced when testing the location-based solutions was
related to the fact that the zones in the room were invisible.
The system “magically” knew when the physician was near
a patient. Despite the lack of control that many users experi-
enced with the location-based solution, many were willing to
give up control as long as it made patient identiﬁcation easier.
4.2.3. Integration with work situation
Most test subjects commented that when administering
medicine in their everyday work, they were accustomed to
informing the patient verbally what medicine he or she was
given. Many of the test participants therefore saw an addi-
tional beneﬁt of having the opportunity to visually show
medical information to the patient via the shared screen of the
bedside terminal. Accomplishing this via the small screen on
the PDA was experienced as being far more cumbersome. The
PDA, however, was not found more unsuited for accessing and
signing off on electronic medication charts, per se. Neverthe-
less, the perceived positive effect of having a shared computer
screen left the majority of participants with the impression
of getting the job done in a more satisfactory way with ﬁxed
bedside terminals.
Several test participants pointed out that another beneﬁt
of using stationary patient terminals versus a portable device
was that it allowed them to have both hands free. This was
seen as important as they often perform tasks at point of care
that require both hands free (e.g. hand over medicine, help
patients in and out of their beds). Based on this, the majority
of the test group found the ﬁxed bedside terminals to be more
seamlessly integrated with the overall work situation, while
the PDA imposed more of a physical constraint.
One of the potential drawbacks of the implementation
involving a stationary device, as pointed out by test partici-
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pants, was related to privacy. When using a shared screen it is
also possible for others (e.g. patients and visitors) in the room
to see the information.
While not found to be an important criteria for the chosen
test scenario, a number of test subjects pointed out that they
often consult the patient chart of a given patient prior to vis-
iting him or her. This is done in order to get the latest, most
updated informationon that patient.Many test subjects there-
fore saw the added value of having a mobile computer device
that allowed them to access patient information anywhere in
the hospital.
5. Factors that affect the usability of mobile
EPR
A number of factors that affected the overall usability were
identiﬁed in the two experiments. We have grouped them into
three large classes: GUI usability, physical and bodily aspects
of usability, and social aspects of usability.
5.1. Usability of the graphical user interface
In the two experiments, relatively few usability issues were
caused by badGUI usability. This is probably due the simplicity
of the prototypes. The simplicity of the GUI in the prototypes
was appreciated by the users, but in more realistic mobile EPR
system the user interfaces will be more complex and more of
the usability problems will probably be due to problems in the
user interfaces.
5.2. Physical and bodily aspects of usability
One could argue that usability problems caused by the GUI
have their roots in a mismatch between the graphical user
interface and human cognition. In a similar fashion, one could
argue that there is a class of usability problems that have
their roots in a mismatch between the physical aspects of
the systems and the human physiology. The latter are often
referred to as ergonomic problems, but for mobile ICT it also
includes issues such as the accuracy of sensing technology.
In the two experiments there were a number of physical and
bodily issues.
Both experiments had issues related to screen size. In
the ﬁrst experiment, the PDAs were found to be ill suited
for showing X-ray images, while in the second experiment
large screens were preferred for showing medication lists to
patients.
Both experiments also had issues related to body move-
ment and the use of hands. In the ﬁrst experiment some
physicians commented that a good thing about having a PDA
was that they no longer had to bend over the patient’s bed to
operate the terminal. In the second experiment, some users
preferred a bedside terminal because it allowed them to have
both hands free for other purposes.
The most important aspect of mobile ICT is that it supports
human mobility by allowing for computer access “any time,
anywhere”. The simplest way to achieve this is by letting the
user carry the devices with them. In the second experiment,
some of the users preferred PDAs because it allowed them
accesswhile on themove. In Experiment 1 therewas aneed for
large screens to show X-ray images, and it was not possible to
combine this with mobility. In that case, support for mobility
had to be weighted against other system requirements.
5.3. Social aspects of usability
Mobile technology is with the user in his/her “life world”,
which in most cases is a social world. Human life is to a large
degree life with other humans, and mobile use therefore often
happens in contexts with other people present. This is to a
large degree the case for work in healthcare. Mobile devices
and services are often used to communicate with other peo-
ple or to coordinate shared activities, but they also play a role
in the social interaction with other people.
In the two experiments we found a number of usability
issues that were related to social aspects of the use situation.
In both experiments there were issues of shared versus pri-
vate view of displays. These issues were caused by the social
aspects of the clinical setting. There are certain parts of a
physician’s display that should be “off limits” to patients, such
as medical data about other patients. However, in some situ-
ations in the experiments it was required that patients and
physicians should have a shared view.
In both experiments it was found that the system’s effect
on the physician–patient face-to-face dialogue became an
important usability issue. In this case, the usability of the
system was affected by how the human–computer interac-
tion matched the timing of the human–human interaction. If
the human–computer interaction took too long and required
too much mental effort, it reduced the quality of the
human–human interaction, and as a consequence became a
usability problem with the system.
Good and bad overall usability in these cases were not only
due to GUI design and ergonomics, but to what degree the sys-
tem matched the requirements created by the social aspects
of the situation.
5.4. Speciﬁcs of each use situation
For all three aspects of usability; GUI, ergonomic and social;
it is not the match with the users as such that matters, but
the match with the use situation. In Experiment 2, it was
important for the physician to have both hands free; while
in Experiment 1 this was not important, even if the PDAs
were the same. The difference in usability was not due to the
ergonomics of the devices as such, but due to the different
tasks and use situations in the two experiments.
The contextual nature of usability should not come as a
surprise as the ISO standard [12] deﬁnes usability in relation
to the speciﬁcs of each context of use: “. . .with which speciﬁed
users achieve speciﬁed goals in particular environments”.
6. Consequences for usability testing of
mobile EPR
Based on the identiﬁed factors that affect the usability
of mobile EPR, we will present a set of recommendations
concerning usability testing of such systems. These recom-

internat ional journal of med ical informat ics 7 9 ( 2 0 1 0 ) e24–e34 e31
mendations come in addition to accepted best practice for
usability testing and reporting as deﬁned in the ISO/CIF docu-
ment [9]. For all usability testing it is important to identify the
right user group(s), make tasks that are realistic, and create a
physical and social test environment that mimics that of the
intended use situation. In addition, test scenarios and tasks
must be built on studies of work practice, and their realism
must be veriﬁed by the test subjects [13]. Usability testing of
mobile EPR adds some additional challenges.
6.1. Usability of the graphical user interface
The GUI is a common source of usability problems in all ICT
systems. Most mobile ICT systems for clinical use will have
oneormore screenswith a graphical user interface. Thedevice
screens might be smaller than that of a typical PC, but we will
still be faced with GUI usability issues very similar to those of
desktop computing.
When the mobile-EPR GUI is complex, we recommend
doing a separate desktop usability test of the system prior to
a full-scale usability test. By testing the GUI separately, it is
possible to cover more system functionality in one test and
to get feedback on GUI details such as menu structure, navi-
gation, wording, information architecture, screen layout, and
font size. It is possible to use the same test subjects both for
GUI test and full-scale test, but we recommend using different
test subjects, as prior exposure to the product will reduce the
validity of the test results.
A full-scale usability test of mobile EPR will also implicitly
test the GUI. Much can be learned from studying the user’s
interaction with the GUI in a full-scale test. A desktop usabil-
ity test should not be seen as a substitute for recording and
analyzing the GUI interaction in full-scale tests. Some aspects
ofGUI usabilitywill only appearwhen the tasks andwork envi-
ronment are realistic, and it is necessary to study the details
of the GUI interaction to identify these issues.
To be able to identify GUI-related usability issues, it is nec-
essary to record for later analysis the screen content of the
devices and the user’s interaction. For mobile technology it is
not possible to use a video scan converter, as handheld devices
have no video-out features. We have used three different tech-
niques for recording GUI content and interaction on mobile
devices.
(1) Some operating systems (e.g. Microsoft Windows Mobile,
Symbian) allow for “mirroring” to a PC over WLAN through
third-party software. This has allowed us to get digital
video recordings with the screen content integrated with
video from the lab cameras. The recording in Fig. 4 from
Experiment 1 is an example. It is a real-time mix of two
video sources and a “mirror” of the PDA content.
(2) In some cases the handheld devices or their operating
systems will not allow for “mirroring”. For those cases
we have made use of a homemade docking device with
a miniature wireless camera. Fig. 6 shows the device to
the left and an example from a resulting recording to the
right.
(3) For larger devices it might be necessary to allocate a video
camera to get the details of the user’s interaction. The top
left part of the recording in Fig. 4 is from a roof-mounted
camera that was ﬁxed on the bedside patient terminal. In
this case, the camera also captured the screen content, and
eliminated the need for software mirroring of that display.
When mirroring handheld devices one loses the details
of the ﬁnger interaction. If possible, a roof-mounted cam-
era should be used for following the user, and capture the
details of the interaction with the device.
6.2. Physical and bodily aspects of usability
From the conducted experiments we learned that replicating
the physical environment of real hospital settings is essen-
tial for producing valid results. For example, using human
actors to represent patients (as apposed to more abstract rep-
resentations or “imaginary” patients) and placing them in
actual hospital beds, is crucial in order to simulate howmobile
technology accommodates point-of-care situations and the
interaction between clinicians and patients.
We also found that mimicking the physical conﬁguration
of an actual clinical environment can be used to guide the test
subjects through a scenario. For example, by using two differ-
ent rooms (award corridor andapatient room) and twopatient
actors in Experiment 2, physical movement between various
locations and patients became a natural part of the scenario.
This was essential for understanding the extent to which the
precision of the positions sensors met the requirements of the
users.
Fig. 6 – Capturing interaction with a wireless camera.
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Feedback from the hospital workers participating in the
experiment suggest that the perceived usability of the differ-
ent techniques to a large extent was inﬂuenced by the way
these conﬁgurations accommodate the changing physical and
social conditions of the work situation. Often, this was related
to subtle qualities of the designs that participants discovered
by being able to relate the prototypes to a concrete physical
environment. This also suggests that test subjects do not sep-
arate between usability ﬂaws that are software-related and
issues that are related to ergonomic aspect of the designs.
We recommend doing usability tests of mobile EPR in phys-
ical environments that mimic the hospital setting to a high
degree of realism. The ideal setting is an unused part of a hos-
pital ward that can be instrumented with cameras and other
equipment. If no such environment is available, it is important
that the test area has enough ﬂoor space to allow for realistic
mobility. It is also important that the rooms are equipped with
furniture to make realistic physical constraints on the users’
mobility. In addition, the setting should be equipped with arti-
facts from the real-world counterpart, such as paper, pencils,
medical instruments, and medication.
The ergonomics of a device is to a large extent related to
how it ﬁts in with all the other artifacts at the ward. As an
example, some aspect of the clinical situation might make
it important that a device allows for one-hand input, but
this will not become evident in a usability test unless the
health worker is actually using the other hand for some other
purpose. Without real artifacts in the laboratory setup, the
user might have both hands free during the test. The test
results will then be invalid with respect to the ergonomics
of the device, as two-hand input will not be possible in real
life.
To be able to capture the physical aspects of interac-
tion in scenarios involving physical mobility, we recommend
the use of multiple roof-mounted dome cameras that can
be controlled during the test. The details of physical inter-
action are often subtle, and we recommend allocating one
person to control the cameras during the tests to track the
users.
6.3. Social aspects of usability
The ﬁndings from the two experiments point to the impor-
tance of getting the social aspects of the use situation right.
Usability issues, such as the effects on the quality of face-
to-face communication, cannot be measured unless usability
tests include multiple users simultaneously. We recommend
that the use scenarios for mobile EPR include enough user
roles to be able to capture the social context of the use sit-
uation. This will differ from system to system. In some cases
one might only need a physician and a patient, while in
other cases we need to do tests with teams of health work-
ers.
It is important to make sure that the communication
between theusers is captures for later analysis, both the verbal
and the non-verbal. Good sound quality is essential for captur-
ing the verbal communication. We recommend one miniature
wireless microphone for each test subject. An audio mixer is
necessary, as most recording software only allows for stereo
sound input.
To capture the non-verbal communication, it is important
tomake sure that there are enough video cameras to be able to
follow the test subjects around during the usability test. This
is very similar to the requirement concerning video capture
for device ergonomics.
6.4. The need for ﬂexibility
The hospital is a very heterogeneous place concerning physi-
cal work environments. Looking beyond the requirements for
each usability test, there is a need to make a usability labo-
ratory for mobile EPR ﬂexible enough to be able to simulate
a number of different physical environments. These environ-
ments will differ in ﬂoor plan, furniture and artifacts. In our
laboratory, we have installed movable walls that allow for
easy reconﬁguration. We have found this approach very use-
ful as it saves us time setting up the physical environment
for new usability tests. Based on our experience, we recom-
mend that a usability laboratory for mobile EPR is constructed
to allow for easy reconﬁguration of ﬂoor plan, furniture and
artifacts.
7. Discussion
The analysis and recommendations in this study are based
on a limited number of tests with a limited number of test
subjects. In addition, the experiments were done with very
simple prototypes in simpliﬁed use scenarios.
The experiments have allowed us to identify some usabil-
ity issues for mobile EPR, but our ﬁndings should not be
seen as an attempt at making a complete list of such issues.
More studies of mobile EPR are necessary to get a more
complete picture of the usability challenges for this class of
systems.
We have concluded that the overall usability of mobile EPR
is caused by far more than the graphical user interface. We are
conﬁdent that this will apply also to other mobile ICT systems
for clinical settings. We consequently believe that our general
recommendations, to simulate and record the physical and
social aspects of mobile ICT for clinical settings, will be valid
for future evaluations.
8. Conclusion
Clinical work in hospitals is information and communication
intensive and highly mobile. Health workers are constantly on
the move in a highly event-driven working environment. Most
current Electronic Patient Record (EPR) systems only allow for
access on stationary computers, while future systems also
will allow for access on mobile devices at the point of care.
While much is known about how to do usability testing of
stationary EPR systems, less is known about how to do usabil-
ity testing of mobile EPR solutions for use at the point of
care.
In two lab-based usability evaluations, we found that the
usability of the mobile EPR systems to a large extent were
determined by factors that went beyond that of the graphical
user interface. These factors include ergonomic aspects such
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Summary points
What is known about the subject:
• Clinical work in hospitals is information and commu-
nication intensive and highly mobile. Health workers
are constantly on the move in a highly event-driven
working environment.
• Most current Electronic Patient Record (EPR) systems
only allow for access on stationary computers, while
future systems will also allow for access on mobile
devices at the point of care.
• Whilemuch is known about how to do usability testing
of stationary EPR systems, less is known about how to
do usability testing of mobile EPR solutions for use at
the point of care.
• Few usability laboratories allow for testing in full-scale
replications of hospital environments.
What this paper adds/contributes:
• The usability of mobile EPR systems is to a large extent
determinedby factors that gobeyond that of the graph-
ical user interface. These factors include ergonomic
aspects such as the ability to have both hands free;
social aspects such as to what extent the systems dis-
turbs the face-to-face interaction between the health
worker and the patient; and factors related to how well
the system integrates with existing work practice.
• To be able to measure usability factors that go
beyond what can be found by a traditional stationary
user interface evaluation, it is necessary to conduct
usability tests of mobile EPR systems in physical envi-
ronments that simulate the conditions of the work
situation at a high level of realism.
• To get valid results from usability tests of mobile EPR
systems, it is necessary to make sure that the use sce-
narios are realistic. This often means that the tests
must be run as role-plays with multiple stakeholders
as participants, e.g. physicians, nurses, and patients.
• Due to concerns of privacy, ethics, and the possible
fatal consequences of error, usability tests of EPR sys-
tems can rarely be done in situ. To be able to get valid
results from usability tests of mobile EPR solutions, it
is therefore necessary to equip usability laboratories
with full-scale models of relevant parts of the hospital
environment. As the hospital is a very heterogeneous
environment, such laboratories should allow for easy
reconﬁguration of the ﬂoor plan.
as the ability to have both hands free; social aspects such as
to what extent the systems disturbed the face-to-face interac-
tion between the health worker and the patient; and factors
related to how well the system integrated with existing work
practice.
We conclude from this that to be able to measure usabil-
ity factors that go beyond what can be found by a traditional
desktop user interface evaluation, it is necessary to conduct
usability tests ofmobile EPR systems inphysical environments
that simulate the conditions of the clinical setting at a high
level of realism. To get valid results from usability tests of
mobile EPR systems, it is further necessary to make sure that
the use scenarios are realistic. This often means that the tests
must be run as role-plays with multiple users simultaneously,
e.g. physicians, nurses and patients.
Due to concerns of privacy, ethics and the possible
fatal consequences of error, usability tests of EPR systems
can rarely be done in situ. To be able to get valid results
from usability tests of mobile EPR solutions, it is therefore
necessary to equip usability laboratories with full-scale mod-
els of relevant parts of the hospital environment. As the
hospital is a very heterogeneous environment, such labo-
ratories should allow for easy reconﬁguration of the ﬂoor
plan.
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Summary 
Background: Healthcare professionals in 
hospital care increasingly use small-screen 
handheld computers. Studies that have inves-
tigated doctors’ concerns about handheld 
usage have mainly focused on technical, or-
ganizational and performance issues. Very 
few have looked at the effects of Personal 
Digital Assistants (PDAs) on the interaction 
between physician and patient. 
Objective: The aim of this study was to ex-
plore the effects of PDA usage on the phy -
sicians’ prescription work, their concerns 
about using it in point-of-care situations, and 
the effects on the patient-physician dialog. 
Methods: We used a qualitative and com-
parative approach where 14 physicians each 
carried out four simulated ward rounds in 
which they modified the medication of pa-
tient actors using a paper-based medical chart 
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and three versions of a PDA-based system. We 
analyzed ward round video recordings, semi-
structured interviews with the doctors, and 
focus group using approaches based on eth-
nomethodology and grounded theory.  
Results: Physicians used PDA and paper dif-
ferently. Physicians’ actions, as well as their 
non-verbal communication, were less trans-
parent and clear for the patient when using a 
PDA. Doctors were worried about distractions 
from the handheld device and about a 
negative impact on the physician-patient con-
versation. In general, physicians were more 
comfortable with paper, but preferred PDA be-
cause it offered an undo function and reduced 
the need to memorize drug names and dos -
ages by providing concrete alternatives in the 
user interface. 
Conclusions: Despite the many benefits, PDA 
usage at the point-of-care comes with the in-
creased risk of distractions for physicians and 
can cause a negative patient experience. De-
signers of point-of-care systems need to be 
aware of, and address, the problems with 
handhelds and learn from the attributes and 
access capabilities of paper charts. 
 1. Introduction 
It is generally acknowledged that the 
quality of clinical work depends upon ac-
cess to high-quality laboratory and im-
aging services, and on information systems 
that support and document the healthcare 
activities [1]. Since ward personnel work in 
teams, and teams share responsibilities for 
more than one patient, frequent inter-
ruptions and the switching between dif -
ferent patient problems and tasks char-
acterize the work. Because patients are fre-
quently incapacitated by their condition, 
much of the work occurs at the bedside and 
not in front of a desktop computer. As with 
all patient-centered work, care must be 
taken to inform and be informed by the 
 patient. 
Since the advent of PDAs and handheld 
computers, it has been assumed that such 
devices will become of great value to health 
care personnel. The prospect of bedside 
computing devices opens up the possibility 
of instant access to up-to-date knowledge 
sources as well as to patient records. Like-
wise, handheld computing devices that are 
coupled to the hospital network could be 
used for communication and coordination 
between health care personnel. PDA-type 
devices that offer ubiquitous access to 
knowledge, procedures, code registries and 
medication databases are now offered as 
commercial products that any clinician 
may purchase [2].  
The use of computing devices at the 
bedside is not only a case of interaction be-
tween a health care professional and a com-
puter, but also a meeting with the patient. 
However, patients’ attitudes towards health 
care services are changing as they become 
more educated consumers and assume a 
more participatory role. Reflecting this, 
problems with delivering care are increas-
ingly rooted in difficulties with communi-
cation between physician and patient [3, 4]. 
To adapt to this change, health care person-
nel must put greater emphasis on under-
standing the patients’ needs and the per-
spectives they have of their condition. 
These insights can only be achieved by 
communicating more effectively with the 
patient [5, 6]. The point-of-care is a situ-
ation where such high-quality communi-
cation can take place. Any technological de-
vice that is in use should not preclude, but 
rather assist in more effective communi-
cation. 
Methods Inf Med 2/2011
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However, it has been shown that the use 
of computers in the consultation room in-
fluences how patients perceive the quality 
of the consultation [7, 8]. Also, doctors’ use 
of handheld computers might influence 
their abilities to commit themselves to the 
dialog with patients [9, 10].  
The present study was conducted to ex-
plore the effects of PDA usage on the phy -
sicians’ prescription work, concerns about 
using it in point-of-care situations, and the 
effects on the patient-physician dialog. 
 2. Background 
Electronic medical records and other 
healthcare IT systems are increasingly seen 
as rem edies to curb costs and improve 
quality and patient safety. Seen from the 
perspective of the Technology Acceptance 
Model, which models how users accept and 
use technology [11], accessibility to infor-
mation sources is considered one of the 
most critical factors in influencing health 
care professionals to use such systems [12]. 
Enabling interaction with patients’ medical 
record via handheld devices is a very at-
tractive option. Moreover, a review of 
studies comparing paper and PDA showed 
that handhelds in general are a faster and 
preferred alternative to paper-based data 
collection [13]. However, paper-based 
media has much richer interaction capabil-
ities and  accessibility compared to elec-
tronic media, such as PCs and PDAs [14].  
Houston et al. [9] reported on how 
American patients perceived doctors’ use of 
handheld computers. They found that only 
10% of the patients disliked the idea of 
handhelds in the examining room. How-
ever, only 9% (eight patients) reported that 
their doctor actually had used a handheld 
in the examining room. The study also in-
cluded the residents. Twenty-three percent 
of them reported that they had reservations 
about using a handheld in front of the 
 patient, but the study did not mention 
 reasons for their opinions.  
Based on a series of focus groups, 
 McAlearney et al. [15] reported on doctors’ 
experience with handhelds in clinical prac-
tice. The doctors’ main concerns about 
handhelds were about the device itself 
(loss, breakage, and reliability), informa-
tion security, and user-dependency. How-
ever, the most interesting concern in this 
context was their fear that clinical practice 
might change for the worse. Doctors were 
worried that patients would have negative 
views about them using handhelds or think 
the doctors were incompetent if they 
needed to use one. In addition, some were 
worried that enthusiastic colleagues would 
focus too much on the device and forget to 
care about the patient.  
In a series of experiments with bedside 
computers in a full-scale usability labora-
tory, health workers and patients were ob-
served while simulating clinical encounters 
[16, 17]. In these experiments, some of the 
participating physicians reported that the 
handheld was a disturbing element in the 
conversation with the patient [16]. The 
same observation was made in experiments 
that compared bedside methods for auto-
matic identification of patients to access 
medical information [17]. Here, health 
workers clearly preferred design alter-
natives that did not require them to shift 
their attention away from the patient.  
In most studies investigating doctors’ 
(or patients’) concerns about handhelds, 
reliance was placed on methods such as in-
terviews [18, 19], focus groups [15], or sur-
veys [9]. However, these methods collect 
user opinions outside the context of use. 
This can cause  important concerns to be 
overlooked and lead to irrelevant concerns 
being promoted as important. 
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 3. Methods 
The approach used in the current study was 
to collect users’ opinions and reflections in 
a controlled environment. We asked 14 
doctors to use and compare four methods, 
three PDA-based and one paper-based, for 
managing patient’s medication during pa-
tient visits in a simulated hospital environ-
ment with patient actors. By interviewing 
them immediately afterwards in the same 
environment, we promoted user reflection. 
The method produced rich qualitative data 
on the usage of and concerns about hand-
helds at the point-of care. The interview 
data were analyzed using an approach 
based on grounded theory. To complement 
and triangulate the findings from the inter-
views, we recorded audio and video data 
from each of the 56 patient visits, which 
were analyzed using an ethnomethodologi-
cal approach. In addition, we asked patients 
about their reflections in a focus group. 
This section describes the experimental 
setup and design, the test procedure, and 
how the data were analyzed.  
 3.1 Experimental Design 
The general setup was a simulated patient 
visit in a “hospital ward simulator”, where a 
phy sician made changes to the medications 
of patient actors using four different infor-
mation devices; three PDA-based medica -
tion systems and one paper-based medical 
chart. The main purpose of the study was 
twofold; to investigate the physicians’ prefer-
Fig. 1 Frame from recorded video data displaying physicians’ interaction with GUI (left), physical 
 device (upper right), and overall care situation (middle and lower right) 
	
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ences for different interaction techniques, 
and to analyze their concerns about PDA 
usage. A more thorough presentation of the 
experimental design, its limitations, and 
 methodological reasoning was presented in 
an earlier article [20]. 
3.1.1 Location and Recording 
 Equipment 
The tests were conducted in a usability lab-
oratory for testing medical systems located 
in a research center at a regional hospital 
site. The details on the laboratory have been 
previously reported [21].  
The PDA’s screen content was wirelessly 
mirrored, and mixed real-time together with 
video streams from ceiling-mounted cam -
eras and audio streams from wireless micro-
phones (Fig. 1). Altogether, the recorded 
video provided details about the physi -
 cians’ interaction with the graphical user 
 interface, their interaction with the physical 
device, and the overall care situation.  
3.1.2 Handheld Information System 
It has been shown that if one puts too much 
effort into prototype functionality and 
graphical user interface (GUI), the usabil-
ity test participants will discuss usability 
problems with regard to the GUI rather 
than on usability problems concerning 
physical (e.g. device size) and social issues 
(e.g. ability to  attend to the patient) [21]. 
We therefore deliberately designed a simple 
user interface with little functionality to 
provoke reflections regarding the social is-
sues of using handheld devices at the point-
of-care. The PDA-based prototype was de-
liberately designed with only four func-
tions; prescribe a new drug and change, 
pause, or cease an already prescribed drug. 
Screenshots of two of the screens are shown 
in Figure 2. The user interface was de-
signed using minimal attention user inter-
face principles [22], and based on best prac-
tice in visualization and user interface de-
sign [23, 24]. Symbols and icons used were 
already well known from the paper chart.  
Three versions of the prototype were de-
veloped, each adapted for interaction with 
stylus, finger or device buttons respectively 
(Fig. 3). The differences between them 
were minor; the finger prototype had larger 
GUI-buttons than the stylus prototype, 
and the button prototype had an indicator 
moving between GUI-buttons as the user 
navigated through them with the hardware 
buttons. For the purpose of this study the 
different usage of the three prototypes was 
not analyzed. However, in another (on-
going) study we compared the different 
PDA versions and found that there were 
few differences between them regarding 
performance and user preference. This 
gives us confidence that our results are in-
dependent of the different PDA versions.  
3.1.3 The Paper Chart 
In a large regional university hospital in 
Norway where this study was conducted, 
“The Chart” (as it is widely named by its 
users) is a collection of important medical 
documents about the patient, gathered in a 
binder. It is used by the health workers as 
on-site documentation during patient vis -
its [25]. The main document is an A4 size 
form containing the most important infor-
mation about the patient, such as vital 
signs, prescribed medication, etc. In addi-
tion, the binder contains other documents 
such as recent test results or reports. In this 
study, domain experts, a physician and a 
nurse, were involved in creating a realistic 
paper chart for the fictitious patients used 
in the scenarios. However, it contained the 
same information that was available on the 
PDA. 
3.1.4 Test Participants 
Fourteen physicians participated in the 
study. They were all recruited from a large 
regional hospital and were paid for their 
participation. Their age ranged from 25 to 
60 (mean = 41.4/SD = 11.7), with an even 
distribution of male and female. Their pro-
fessional experience varied from young 
residents to senior head physicians.  
Three sociology students at the graduate 
level and one student in the final year of a 
PhD in computer science acted as patients 
during the tests. Their age ranged from 26 to 
47 (mean = 33.0/SD = 9.9). Three of the pa-
tient actors were female and one was male. 
They were paid for their participation. 
3.1.5 Patient Scenario Objectives 
Two patient scenarios were developed in 
cooperation with domain experts; a senior 
Fig. 2 Screenshots from the stylus prototype showing the main screen (left), the change/pause/cease 
screen (middle) and an example of the paper chart used in the experiments (right) 
Fig. 3 The three prototypes (left) and the paper chart (right) used in the experiments 
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doctor working at the hospital and a PhD 
student previously employed as a nurse. 
The purpose of the patient scenarios was to 
1) provide a realistic clinical situation, 2) 
employ the physicians’ professional experi-
ence and practices, 3) reduce the scope of 
the dialogue in the consultation, 4) reduce 
variations in the outcome, and 5) make 
sure the physicians had at least one interac-
tion with the PDA or paper chart during 
the visit, triggered by the patients’ com-
plaints and concerns. One of the scenarios 
is presented below.  
 
  The patient is a 44-year-old woman. She is 
hospitalized with an acute episode of 
Crohn's disease for two days. The current 
treatment was started right after admission 
of the patient. It comprises 1) Prednisolon 
(Prednisolone), 20 mg, tablet, twice a day, 
and 2) Salazopyrin (Sulfasalazine), 500 mg, 
tablet, three times a day. 
 During the ward round the patient discloses 
to the physician that she has developed an 
itching rash over her entire body. She re-
members that she had a similar reaction to 
some antibiotic, but does not remember its 
name.  
3.1.6 Test Order  
A within-subject test design was chosen to 
limit the number of tests and test subjects. 
Thus, each physician tested all four user in-
terfaces. The test order of the different user 
interfaces was rotated to control and reduce 
possible learning effects. 
For each user interface the physician 
used, we alternated between two patient 
scenarios to reduce the number of patient 
actors needed. Pilot testing with physicians 
who were not part of the study revealed that 
they were able to play the scenario realisti-
cally  despite repeating the scenarios. 
3.1.7 Instructions to Physicians 
As part of the preliminary briefing we ex-
plained that the motivation for the experi-
ment was to “test a user interface for a medi-
cation module for an electronic patient rec-
ord system”. The real purpose was not re -
vealed to prevent participant bias. Each 
physician was given a guided presentation of 
the laboratory and the associated control 
room. They were also presented to the gen-
eral tasks they were to carry out during the 
tests. Since the purpose was not to find 
 usability errors of the system as such, they 
were able to familiarize themselves with the 
prototypes prior to the experiment.  
All the test subjects were encouraged to 
communicate and interact with the patient 
actors as they would have done with actual 
patients in real clinical situations. 
3.1.8 Instructions for Patient Actors 
Before the arrival of the physician, the pa-
tient actors were given detailed instructions 
on how to behave according to the patient 
scenarios and asked to memorize this. In 
addition, they were given the same reasons 
for the experiment as the physicians.  
 3.2 Test Procedure 
At the beginning of each test, the patient 
actor was lying in the bed in the patient room. 
In the hallway the physician was reminded of 
the case description of the next patient case 
and the user interface that would be used. 
This was repeated for each new prototype 
and patient case, while the next patient actor 
was getting into position in the bed. 
3.2.1 Physician Post-test Interview 
Immediately after completing all tests, the 
physician was interviewed about his or her 
experience during the test and about mobile 
computing in hospitals in general. The inter-
view was performed in the patient room and 
videotaped. The interviewee had the PDA 
and paper chart available during the inter-
view. The interview guideline was semi-
structured with some predefined questions.  
The first part of the interview focused 
on the different information devices that 
were used. To facilitate discussion and to 
avoid misunderstandings, cards with sym-
bolic pictures of the different prototypes 
were provided for reference. The physicians 
were asked to rank the information devices 
in a card sort exercise, where they ordered 
the provided cards by preference (ties be-
tween cards were not allowed). 
The second part of the interview fo-
cused more on general and open ques -
tions about the physician’s opinion on the 
1) suitability of PDA for real life usage in 
hospitals, 2) impact of the information de-
vices on the care situation, 3) potential dis-
traction by the different information de-
vices, and 4) their opinions on how the 
 patients experienced PDA usage during the 
consultation. In addition, the physician was 
encouraged to raise other issues of per -
sonal concern in the context of the test.  
After debriefing the physicians were 
asked to fill in a short questionnaire to pro-
vide data on job details, professional ex-
perience, personal data, and previous ex-
perience with computer and PDA usage. 
The questions about previous experience 
were multiple-choice where the physicians 
reported on how often they used handheld 
devices and computers privately and in 
their job (daily, weekly, monthly or less 
often). They were also asked about the real-
ism of the scenario, and were given an op-
portunity for an informal concluding chat. 
3.2.2 Patient Focus Group 
Immediately after all 14 test sets, the patients 
were gathered in a focus group. It was con-
ducted in the same room as the tests with the 
paper chart and PDA available. The inter-
view guideline was semi-structured with 
two main topics: 1) their experiences as pa-
tient actors during the tests, and 2) differ-
ences in the doctors’ behavior when using 
paper and PDA. The patients were allowed 
to discuss freely within each topic. The focus 
group session lasted for about 30 minutes.  
 3.3 Analysis 
3.3.1 Interviews and Focus Group 
Data from the physician interviews and pa-
tient focus group were fully transcribed 
verbatim. The transcriptions were im-
ported into NVIVO 8 software for analyz-
ing qualitative data. With this software the 
interview data were analyzed by inductively 
identifying text segments and marking 
them with thematic ‘codes’ that highlighted 
certain aspects of the data, using tech-
niques from a grounded theory approach 
[26]. During this analysis, the meanings 
and definitions of each code were continu-
ously updated as new aspects were revealed 
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in the material. Using the software for 
qualitative data analysis, we generated re-
ports sorted by code linking interview 
extracts from the interviews. On the basis 
of these  reports we sorted out five main 
themes to answer the research questions.  
3.3.2 Video Recordings  
The video recordings were analyzed differ-
ently than the interviews. It has been shown 
that very detailed video analysis allows ob -
Fig. 5 Adding (a), obtaining (b) or searching for information (c) with the paper chart. Actions are highly distinct and visible for the patient. 
Fig. 6 Adding (a), obtaining (b) and searching for information (c) with the PDA. For the patient the actions appear identical. 
servers to analyze the fine details of the 
human conduct, tacit knowledge, and so-
cial interaction [27]. Such details are hard 
to capture through analyzing interview 
transcriptions, “shallow” video observa-
tions, or “live” field observations.  
Videos from all the 56 patient visits were 
analyzed qualitatively and discussed by two 
observers with a particular focus on 1) use 
pattern of the information device, 2) signs of 
distractions and reduced doctor-patient 
 dialog, such as less dialog, slurred speech, or 
absence of eye contact, and 3) patient and 
physician behavior and non-verbal com-
munication. Moreover, video fragments 
from a set of patient visits were shown to two 
senior physicians and three senior sociol-
ogists with the purpose of assessing the 
 realism of the ward round situations and the 
physician-patient dialog.  
Particularly interesting video fragments 
were identified, based on themes emerging 
from the interview and video analysis. 
These short fragments were transcribed in 
great detail; speech and actions were 
mapped to the timeline of the video frag-
ment, following the transcription method 
described in a pre vious article [27]. A set of 
the transcriptions was conceptualized into 
explanatory figures using screenshots from 
the video fragments (Figs. 4– 7).  
 4. Results 
In total, we analyzed video data from 56 
simulated ward rounds, data from 14 phy -
sician interviews and questionnaires, and 
interview data from one patient focus 
group with four patients. Altogether, this 
analysis gave insight into the effects of PDA Fig. 4 The clinicians displayed different pattern of use for paper and PDA. 
a) b) c) 
a) b) c) 
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usage on the physicians’ prescription work, 
their concerns about using it in point-of-
care situations, and the effects on the pa-
tient-physician dialog. 
The two senior physicians and three 
 senior sociologists, who assessed the real-
ism of the simulated ward rounds, con-
sidered the participants’ behavior to be 
 representative of real-world patient visits.  
The questionnaire revealed that in general 
the doctors’ experience with computers was 
very good. Nearly all used computers daily, 
both in their job and privately. Only one phy -
sician reported using computers privately on 
a weekly basis. Their experience with hand-
held computers, such as PDAs, was mainly 
very low. Only two of them used PDAs or 
other handheld computers daily in their job 
while the rest used it rarely or never. Privately, 
two physicians used a handheld computer 
daily, one weekly and the rest rarely or never. 
 4.1 The Physicians Used Paper and 
PDA Differently  
The individual behavior in the ward round 
situation varied from clinician to clinician, 
both regarding medical reasoning and pa-
tient care. These variations mostly con-
cerned the medications prescribed, eye 
contact and verbal empathy directed to-
wards the patient. In particular, we ob-
served differences related to how they used 
paper charts and the PDA. 
4.1.1 Interviews 
The physicians commented that paper 
charts required them to remember a con-
siderable amount of information, such as 
medication names, medication dosages, 
and drug interactions between medi-
cations. In addition, they pointed to the 
lack of mechanisms to detect and prevent 
errors and drug interactions. They also 
found it challenging to correct or erase 
medication entries in the paper chart, due 
to the permanent nature of ink-based pens. 
The PDA, on the other hand, provided can-
cel and undo mechanisms, in addition to 
providing correct medication names and 
available dosages. The physicians also ex-
pected that the system would provide them 
with warnings about drug interactions.  
4.1.2 Observations 
The different attributes of paper chart and 
PDA seemed to affect the way the physi -
cians worked. The physicians displayed dif-
ferent patterns of use for the paper chart and 
PDA. With the paper chart, we observed 
that they first reasoned out which drug to 
prescribe, and then wrote it down in the 
chart. On the handheld device the physi -
cians tended to “surf around” more, by 
checking what possibilities were available 
before prescribing a drug. If physicians 
changed their mind during the interaction, 
they would cancel the prescription process 
and start over again with another drug 
(Fig. 4). Thus, the use pattern when pre-
scribing using the paper chart was in-
fluenced by the lack of information “in the 
world” and lack of error prevention and 
undo mechanisms.  
 4.2 The Physicians’ Use of the  
PDA Caused Distractions and  
Influenced Physician-patient  
Communication 
The interviews that followed the simulated 
ward rounds revealed that the physicians 
were worried about distractions caused by 
the use of the PDA. They also feared the dis-
tractions would have a negative effect on 
the patient experience. In addition, the 
focus group discussion showed that pa-
tients’ communication with the physician 
was affected by use of the PDA. The video 
recordings revealed a reduced quality of the 
physician-patient dialog observed as less 
dialog, less eye contact, and more slurred 
speech. We also observed how some phy -
sicians tried to compensate for the dis -
tractions from the PDA by explaining to the 
patient what they were doing. 
4.2.1 Interviews 
In the interview data we found that the 
physi cians had different opinions about the 
perceived distractions from the handheld 
device compared to the paper chart. Twen-
ty-nine percent (four) of the physicians 
were concerned about increased distrac-
tions from using the PDA. Forty-three per-
cent (six) of them were concerned about 
distractions while using the device, but ex-
pected the problem to be reduced with 
training and experience. Twenty-nine per-
cent (four) were not concerned about the 
level of distraction from the handheld 
compared to paper chart.  
The physician interviews revealed that 
half of the physicians believed that the pa-
tient would either not notice any difference 
due to the use of handhelds at point-of-
care (5) or that they would have a positive 
experience (2). The remaining half (7) be-
lieved that the patient would have a 
negative experience of handhelds.  
Some physicians were skeptical about 
any technology at the point-of-care be-
cause they believed it would have a negative 
effect on the physician-patient dialog. One 
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Fig. 7 The paper chart supported non-verbal communication (a and b); the physicians invited patients to speak by tilting the chart slightly towards them (b). 
This was not found for PDA usage (c and d). 
a) b) c) d)
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said “the problem with technology (…) is if 
it takes too much attention from the clini-
cian and draws attention away from the pa-
tient”. Another expected the mobile system 
to be “more of a disturbance in the conver-
sation than old-fashioned paper”. He con-
tinued: “…very easy to get focused on your 
device and forget about the patient. It be-
comes a third party in the patient-doctor 
conversation.” In addition, the physical ap-
pearance of the device concerned some 
physicians. They believed that patients 
would be skeptical if the PDA looked too 
much like the doctors’ personal device.  
Some of the physicians, who claimed to 
experience distractions, believed that with 
time and training, both they and the pa-
tients would become used to the device, 
conse quently reducing distraction prob-
lems. As one physician put it: “This [PDA] 
was quite simple to use. If I used it for weeks 
or months, it would be as simple as the 
[paper] chart.”  
Others found no differences in distrac-
tions between the paper chart and PDA. They 
considered both as tools to which they had to 
relate. One physician said: “It is not differ -
ent than having a paper record. Either you 
look at the paper or you look at the screen.” 
Some physicians expected that the physi-
cal shape and design of the handheld would 
worry the patients. The paper charts are red, 
have a front page marked with the patients’ 
name and birth date, and are often carried 
around by the health workers in the hospi-
tal. The handheld device, however, looks 
like the physicians’ own personal device. 
The physi cians expected the patients to dis-
like this as the tool might appear to be their 
personal device, but used to collect and add 
clinical in formation. To prevent this, they 
suggested that the devices should not look 
like their personal mobile phones or PDAs, 
but “rather look like a hospital tool”. 
4.2.2 Observations 
While reading or writing in the paper chart, 
most physicians were able to maintain 
more fluent dialog and sporadic eye con-
tact with the patient, compared to their be-
havior when using the PDA. Only a few 
physicians were able to maintain the phy -
sician-patient dialog using the PDA equally 
well as when using the paper chart.  
In some of the ward rounds we observed 
that physicians experienced considerable 
distractions from the handheld device. We 
observed them speaking slower, more 
slurred, or being completely silent when 
prescribing medications with the PDA-
based prototypes. When the physician ex-
perienced such distractions from the device 
we observed that the patients avoided dis-
turbing him/her. For several doctors, this 
had a negative influence on the physician-
patient conversation. The tendency was not 
so frequent with paper chart. 
On the other hand, observations also 
showed that a few physicians were able to 
use the PDA and paper equally well. They 
were able to prescribe medication and sim-
ultaneously attend to the patients or re-
spond to their questions and concerns.  
Some physicians tried to make the ward 
round with the PDA as transparent and 
non-threatening as possible by notifying 
the patient about “this new device” and 
 explaining its benefits.  
4.2.3 Patient Focus Group 
The findings from the observations and in-
terviews were supported by the patient 
focus group. When the patients were asked 
about their opinions after all the tests, they 
claimed to experience “more embarrassing 
silence” during the simulated patient visits 
where the physicians used the PDA. This si-
lence hindered them from asking questions 
because they did not want to disturb the 
physician. They found it easier to ask ques-
tions when the physician used the paper 
chart. The patients also perceived that the 
physicians asked more questions, and was 
more confident and comfortable using 
paper. However, they did not notice any sig-
nificant differences in how fast they worked 
with PDA and paper chart.  
 4.3 With the PDA, Patients Were 
Less Aware of What the Physician 
Was Doing 
While the physicians’ actions were highly 
transparent to the patient when paper was 
used, PDA usage adversely affected action 
transparency.  
4.3.1 Interviews 
Physicians using the PDA described the de-
vice as more “mystical” than the paper 
chart because the patients could not see 
what they did on it. Although the paper 
chart normally is not available for patients, 
some physicians described certain patients 
that often want, and are allowed to, have a 
look at their own chart. According to these 
physicians, the paper chart supported this 
form of information-sharing with the 
 patient better than the PDA, since all the 
important information was available on 
one sheet instead of distributed between 
several screens.  
4.3.2 Patient Focus Group 
The patient focus group discussion reveal-
ed that patients found it easier to ask ques-
tions when the paper chart was used, be-
cause they were more aware of what the 
physicians were doing.  
4.3.3 Observations 
The above findings were supported by the 
ward round observations. We observed that 
the physicians’ actions were more visible 
and transparent to the patient with the 
paper chart than the handheld system. 
When they used the paper chart it was 
clearer to the patient whether the physician 
was adding (writing), obtaining (reading) 
or searching for information (turning 
pages) (Fig. 5.). When they used the PDA 
(Fig. 6.), all their actions appeared equal 
(pointing or tapping on the touch screen). 
 4.4 Physicians Were More  
Confident and Comfortable with 
Paper, but Preferred Using PDA 
Despite the concerns they had about using 
PDAs in consultations with the patients, 
physicians saw many benefits of handheld 
 devices.  
4.4.1 Interviews 
Most physicians were more confident and 
comfortable with paper usage. They found 
paper quick and easy to use, as they had 
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years of previous experience with it. Use of 
the paper chart was also easier to share with 
colleagues. It offered better information 
overview, and it gave them freedom to write 
without having to relate to drop down 
boxes, text fields and other system restric-
tions. In addition, there was no chance of 
system crashes and malfunctions when 
using charts.  
However, despite sparse experience with 
handhelds and only little training on the 
medication system used, most physicians 
preferred the PDA-based prototypes when 
asked to rank them against paper. The main 
factors in favor of PDAs were that paper 
lacked error prevention, had no undo 
mechanism, and required them to re-
member medication names and dosages 
(see Section 3.1). It also implied more work 
afterwards when medications had to be 
registered again in the electronic patient 
record.  
4.4.2 Patient Focus Group  
The patients also perceived physicians as 
being more confident and comfortable 
when using the paper chart. They did not 
notice whether the doctor worked faster 
with the paper chart or the handheld de-
vice.  
For the patients, who could not see the 
content of the two information devices, the 
physicians appeared to have more informa-
tion available on the paper chart than the 
PDA, even if the amount of information 
was exactly the same.  
The patients also commented that they 
would prefer the physicians using the PDA 
if they were comfortable using it. The main 
reason was its physical size; they appreci-
ated that it occupied less space between the 
physician and the patient and that it could 
be stowed away in the physician’s pocket. 
However, they also commented that the 
most important factor should be the con-
tact the physician gets with them as pa-
tients, regardless of tool and technology. 
4.4.3 Observations 
Less slurred speech, more eye contact with 
the patient, and less embarrassing silence 
indicated that physicians were more con-
fident and comfortable using paper (see 
Section 4.2). However, one factor that may 
explain the preference for PDA usage was 
that the PDA was easier to stow away than 
the paper chart. In addition, the PDA was 
easier to hold while adding information. 
Some physicians experienced problems 
when writing in the chart; their arm got 
tired and they were forced to change the 
way they held the chart several times, or 
they were distracted by their ID card, which 
was placed on a string around the neck and 
obstructing their writing.  
 4.5 The Paper Chart, and to a 
Lesser Degree the PDA, Was Used 
for Non-verbal Communication 
We observed that the paper chart was used 
more frequently for non-verbal communi-
cation than the PDA. Due to the tacit na-
ture of non-verbal communication we 
found no support, nor discrepancies, for 
these observations in the interview data.  
4.5.1 Observations 
During the consultation several physicians 
tilted the position of the chart towards the 
patient when asking questions (Fig. 7a 
and 7b), giving the patient a non-verbal 
 invitation to speak. Also, when the medi-
cation change was performed and the con-
sultation was moving towards the end, 
many physicians firmly closed the chart be-
fore asking the patient if they had any other 
questions or issues they would like to dis-
cuss. This non-verbal hint was given to the 
patient to inform and underline that the 
consultation was coming to an end.  
The PDA did not support this non-ver-
bal communication to the same extent 
(Figs. 7c and 7d), although some physi -
cians firmly placed the stylus back in the 
PDA when the consultation was ending.  
 5. Discussion 
In this paper we have presented the results 
from a usability evaluation of simple, PDA-
based prototypes of a hospital information 
system and a paper-based medical chart. 
The results from this evaluation showed 
that physicians used PDA and paper differ-
ently; the usage was influenced by the lack 
of information “in the world” and the lack 
of error prevention and undo mechanisms 
on paper. However, the physicians were 
worried that PDA usage would cause dis-
tractions and have a negative effect on the 
doctor-patient dialog, something we found 
evidence for in both the observations and 
patient focus group. We also found that the 
physicians’ actions were less transparent to 
the patient when using a PDA. Moreover, 
the PDA was more disruptive for non-ver-
bal communication. Despite being more 
confident with and accustomed to the 
paper chart, the physicians preferred using 
the PDA because it reduced the need to 
 recall information by providing concrete 
alternatives in the user interface. 
By creating an experimental setting that 
allowed healthcare professionals to test the 
prototype in a highly realistic scenario, we 
obtained a rich set of observational data. In 
addition, we interviewed the test persons 
immediately after the experiments, thereby 
collecting data on the experiences that the 
use of the prototype had aroused in them. 
By including the testing of the traditional 
paper-based patient chart we could com-
pare and contrast the pros and cons of elec-
tronic and paper media. To our knowledge, 
this study is one of the first to conduct a 
head-to-head comparison on the effects of 
the use of a paper chart vs. a PDA on the 
physician-patient dialog in a ward round 
situation.  
One of the principal findings, which can 
explain and supplement the results found 
by Houston et al. [9] and McAlearney et al. 
[15], is that physicians have reservations 
about using PDAs in front of the patient, 
because the device draws the physician’s at-
tention away from the dialog with the pa-
tient. The ward round situation is a meet-
ing between the patient and a physician and 
the principal function of an information 
system is to assist the communication in 
that situation. However, there is a risk that 
the user interface can occupy the users’ at-
tention. Users might get distracted by the 
PDA because they find it has more awk-
ward input, lower readability, poorer over-
view, increased number of focus shifts be-
tween the patient and the device, increased 
fiddling with device, more functionality 
tempting the physicians to rely more on the 
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device, and more usability problems. The 
distractions from the PDA, and its poor 
support for action transparency and non-
 verbal communication, made it difficult to 
maintain a continuous dialog and eye con-
tact with the patient. Viewed in the light of 
the findings by Ilie et al. [12], who used the 
Technology Acceptance Model [11] and 
found that information-accessibility is one 
critical factor for technology acceptance 
and usage, our findings suggest that the 
ability of the technology to support a paral-
lel task – communicating with the patient – 
is also one of the important factors for the 
users’ acceptance of the technology. Having 
good access to an information source does 
not suffice.  
The medication system was deliberately 
made as simple and user-friendly as possi-
ble by reducing the functionality and bas-
ing the user interface design on principles 
reducing cognitive load. The users’ com-
ments on how easy it was to operate, ver-
ified that the system was user-friendly. 
However, when they tested the system in a 
ward round situation and in the presence of 
a patient actor, we observed that even this 
simple system drew their attention away 
from the patient and the dialog. In accord-
ance with this, the patient actors reported 
poorer dialog with the physician when a 
PDA was used. A fully developed system 
must have a much wider set of features and 
therefore more complex screens or navi-
gation structure. Extrapolating the findings 
of this study, we conclude that the problem 
of distraction probably is of critical con-
cern in the design of small-screen user in-
terfaces for healthcare information sys-
tems.  
Another finding, which supports Dahl 
et al. [14], was that the paper chart’s afford -
ances were of high value for the physician-
patient interaction. These qualities were 
hard to replicate with a PDA. Users of the 
paper chart literally have a lifetime of ex-
perience with its interaction style (pen and 
paper). Compared to the PDA, it is easy to 
do text input on paper (just write), it has 
excellent support for co-located asyn-
chronous collaboration (simply show it to a 
colleague), and it has a large 14-inch work 
space with excellent contrast and resol-
ution (> 600 dpi) that can be positioned at a 
perfect reading distance (better readability 
on paper). Moreover, it has unlimited bat-
tery capacity (does not use power), it is 
lightweight (weighs less than a PDA), and it 
is easy to navigate in and to see where you 
are (just turn the pages).  
One particularly valuable affordance of 
the paper chart was the possibility of using 
the artifact for non-verbal communication 
with the patient. For instance, the physi -
cians invited patients to speak by tilting the 
chart slightly towards them. Likewise, the 
test  physicians signaled that the encounter 
was coming to an end by closing the paper 
chart. This affordance was hard to replicate 
with a PDA. We also observed that infor-
mation retrieval and input were more 
transparent for the patient when the doctor 
used the paper chart. In general, the PDA 
created a more fragmented communi-
cation environment compared with the 
paper chart. When using the PDA, the pa-
tients were less aware of what the physician 
was doing, and this had a negative impact 
on the quality of the patient-physician 
 dialog.  
On the other hand, and as the physicians 
themselves pointed out, they will, with 
years of training and experience, learn how 
to use the device efficiently without letting 
it become a third party in communication 
with the patients. In addition, the benefits 
of the device, such as its ability to display 
“knowledge in the world” and the fact that 
it can be stowed away when not in use, can 
exceed the benefits of the paper chart, thus 
becoming a better tool than its paper-based 
counterpart.  
Supplementing the video-recorded ob-
servations by carrying out interviews and 
having the physicians fill out question-
naires immediately after the experiments 
allowed us to develop a more complete pic-
ture of what happened during the experi-
ments. By performing the interviews im-
mediately after the experiments we cap-
tured the reflections and opinions of the 
physicians while their PDA and paper ex-
periences still were fresh in mind. Another 
meta-observation is that the physicians 
rarely commented on concerns of a specific 
solution until after having hands-on ex-
periences with other alternatives. Thus, by 
exposing the physicians to multiple PDA 
interaction designs, we unveiled more con-
cerns. The cards and the card ranking exer-
cise also helped the physicians remember 
the different alternatives and led to more 
focused discussions. Likewise, having the 
devices and paper chart available during 
the interview helped them reconsider their 
thoughts. All in all, we believe this multi-
perspective, multi-method approach gives 
more valid results compared to studies that 
rely on the application of one method alone 
(i.e. either focus groups, interviews, surveys 
or usability walk-throughs). 
 5.1 Limitations 
A limitation of this study is that the medi-
cation system used in the simulated ward 
round did not reflect the complexity of 
real-life scenarios. The scenarios and pa-
tient cases had to be adapted to match the 
functionality that the prototype offered. It 
may be argued that the functionality was 
too sparse, and the user interface too 
simple. The fact that only a few physicians 
commented on the simplicity of the system 
functionality is an indication that it deliver-
ed what they expected from the scenario. 
On the other hand, since the scenario was 
simulated, the effects of the physicians’ ac-
tions did not have real-life consequences. 
This might have influenced their behavior.  
The lack of real patients and the low 
number of patient actors is another limi-
tation of the study. In addition, the ‘pa-
tients’ did not have a medical problem, thus 
they did not worry about the consequences. 
This may have affected the realism of the 
interaction between the patient and phys-
ician. Because of this, the results can only be 
used as an indication of patient experience 
and a direction for further work on how 
persons in care-receiving situations might 
perceive the clinicians’ use of handhelds 
compared to paper charts.  
The fact that the physical setting and 
scenarios were not real but invented by the 
researchers might be considered a third 
limitation to this study. While real-life 
health care means time pressure, inter-
ruptions, risk of medical errors, decisions 
influencing the patients’ lives, interactions 
with patients’ fears and hopes, and need to 
communicate with colleagues, none of 
these elements were replicated in the simu-
lated ward rounds. However, the group 
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analyzing the realism of the consultations 
expressed that the physicians, in most cases, 
were able to act and respond realistically to 
the patients’ complaints. In addition, the 
participating physicians confirmed after 
the tests that the scenarios and physical set-
ting were sufficiently realistic for them to 
behave naturally.  
Given the variation in the tests regarding 
medical treatment and care, one may ques-
tion the reliability and generalizability of 
the study. However, several studies show 
that doctors’ behavior varies – also in the 
real world [28].  
 6. Conclusion 
Despite the many benefits, PDA usage at 
the point-of-care comes with the increased 
risk of distractions, reduced ability to com-
municate non-verbally to the patient, and 
poor action transparency, which makes it 
harder for the patient to see what is going 
on. This can cause a negative patient ex-
perience.  
Designers of point-of-care systems need 
to be aware of, and address, the problems 
with PDAs and learn from the affordances 
of paper charts. Based on the findings we 
present some implications for the design of 
handheld point-of-care systems that might 
help reduce a few of the disadvantages of 
bedside computing. 
 Pocket-sized. Point-of-care systems 
should be pocket-sized, allowing the 
physician to stow it away when not using 
it, thus being free to fully attend to the 
patient. It will prevent the temptation of 
unnecessary information retrieval and it 
will avoid the PDA unintentionally be-
coming a third party in the doctor-pa-
tient conversation.  
 Keep the user interface attention-easy. 
Create a simple and attention-easy user 
interface that allows the user to focus 
mainly on the patient. One solution that 
can reduce the physicians’ attentional 
demands when using PDAs at the bed-
side is to design a PDA which effectively 
supports the fastest and easiest tasks and 
at the same time allows for partial com-
pletion of the more complex tasks. This 
allows the physi cian to perform the tasks 
that can quickly be completed at the 
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Abstract: Comparative usability evaluations and preference rankings are useful in terms 
of informing further system design. However, for test participants such evaluations can 
be challenging since they must remember and distinguish between different design 
solutions. This paper describes the application and added value of using picture cards 
and card ranking exercises in comparative usability evaluations. Users discuss and rank 
design solutions they have tested by placing corresponding symbolic cards in preferred 
order. The method is non-intrusive, cheap and efficient. In addition to provide 
quantitative and qualitative data on the users’ preferences, the technique helps users to 
remember the design solutions, encourages user reflection, and simplifies the 
facilitator’s and data analyst’s job.  
Keywords: Card sort, card ranking, preference ranking, comparative usability 
evaluation, user-centered design. 
1.  Introduction 
One of the main objectives of usability evaluations of ICT is to get participants to reflect on 
usage. This is particularly the case for early concept evaluations, where the aim is to collect 
data that can help inform further system design. However, in the context of comparative 
usability evaluations, where test subject try out multiple alternative solutions, it can be 
challenging to collect user reflections using traditional techniques, such as talk-aloud [1] during 
the evaluation, questionnaires [2], or interviews [3] after the evaluation. Below we summarize 
some key challenges of these techniques:  
• Talk aloud works poorly when tasks or scenarios require participants to interact or 
communicate with other actors that play a role in the scenario; their attention is 
directed towards these actors, not the moderator [4]. 
• Questionnaires and interviews do not support the users memory. Because of users’ 
limited short time memory and the need for test subjects to remember and distinguish 
between all the design alternatives, the techniques are cognitively demanding (especially 
when the number of tested solutions is high).  

 • It can be demanding for test moderators to connect users’ feedback to the right 
solution alternative, particularly if the differences are minor and subtle. 
• Questionnaires are predetermined and have poor support for follow-up questions from 
an interviewer. 
• The usability evaluation and the interview use different cognitive modalities. While test 
subjects experience visual stimuli when using the design alternatives, interviews 
traditionally engage the auditory modality.  
The food industry has found an interesting solution to these challenges. In comparative studies 
of taste with children, researchers use picture cards representing food [5]. A similar approach is 
taken in the studies described in this paper. To provide a cognitive aid for test participants and 
facilitators during post-test interviews, we have found it useful to hand out of picture cards 
illustrating the various design solutions. In this paper, we illustrate how picture cards can form 
a cost effective and useful tool for preference ranking and reflection for test subjects. We also 
demonstrate how picture card rankings are applicable for both quantitative and qualitative data 
collection in usability testing.  
Although similar techniques may have been previously used in HCI-research, we have not 
found any studies explicitly describing such method.  
2.  The Card Ranking Technique 
Various techniques involving cards have been applied in the design of computer systems, and 
the advantages are well reported [6]. The basic idea behind these techniques is to allow 
participants to sort cards that represent objects, concepts, or terms into groups [7]. Card sorts 
are often used to provide user input for web page information architecture [8] or used as a 
cognitive requirements elicitation technique [9]. The main drawbacks of the card sorting 
technique are that both the preparation, execution and the subsequent data analysis can be 
relatively time consuming [10]. On the other hand, usability professionals claim the technique 
to be simple, cheap and fast [11].  
We have used a variant of the card sort technique where users, after trying out different design 
solutions, sort picture cards representing the solutions in preferred order. The cards are used 
during the post-test interview, where the card ranking exercise is performed as part of it. The 
current technique has been applied in, and evolved through a number of comparative usability 
evaluations of health information systems [12-15]. In each of these studies we have compared 
and evaluated three to eight design solutions. The number of test subjects has ranged from five 
to fourteen.  
2.1  Card design  
For each study, we created cards representing the design solution to be tested. Each card 
illustrated one specific solution. The cards were designed using screen shots, simple concept 
figures, or photos so that the users were able to easily recognize the different designs, without 

complex explanations or state charts. In some evaluations, identification marks were printed 
on the cards to support coding of data and analysis. Examples of some of the picture cards we 
have used are shown in Figure 1. 
2.2  Procedure  
We performed usability evaluations where each user tested a set of alternative design solutions 
for a specific scenario. To acquire the users’ immediate feedback on the solutions, a short 
interview was performed after each design alternative had been tested.  
After the test participant had evaluated all the design solutions, we performed a concluding 
interview where we presented the picture cards to him/her. The cards were presented one at a 
time in the same order as the corresponding design solutions had been tested. For each 
 
Figure 2. After testing a number of design solutions (left), the users was asked to comment on each 
solution and sort corresponding picture cards in preferred order (middle). The final sort order 
represented the users’ preferences (right). 
Figure 1. Examples from two sets of cards used in two usability studies. Each card represents a 
specific design solution. The cards to the left represent 2 of 8 interaction techniques (drag-and-drop 
and WIMP) for using handhelds and bedside patient terminals together. The cards to the right 
represent 2 of 4 interaction techniques for a medication system used bedside in hospitals. 

 presented picture card the test subject was asked to comment the illustrated design solution.  
After all the design solutions had been discussed, we placed the cards face up in random order 
on a table. We then asked the users to rank the cards in preferred order, and to state the 
primary reasons for their decisions. The exercise was video recorded for subsequent analysis. 
Figure 2 shows the general procedure of the described card ranking exercise. 
3.  The added value of Cards Ranking Exercises 
The added value of card ranking exercises in comparative usability testing is summarized 
below.  
3.1  User reflection 
We found that card ranking was an effective catalyst for user reflection and for understanding 
qualitative aspects of the designs. It provoked second thought, re-evaluation, and offered the 
possibility for test participants to compare strengths and weaknesses of the various solutions. 
Test subjects used the cards actively to point at and discuss aspects of the various designs. 
Comments were highly specific to the solutions illustrated on the different cards. 
We found that the arguments used when ranking the solutions in a particular order was 
important indicators of what the users found to be important factors for the overall usability 
of the system. In Figure 3, we present an example of factors influencing the users preference. 
The factors were taken directly from arguments that users discussed in the card ranking 
exercise.   
We found the card ranking exercise to be particularly reflective when we encouraged test 
subjects to collaborate on the task [12]. In these cases usability factors of the design solutions 
were discussed in more detail and from the perspective of more actors. Consequently, it 
resulted in a more time-consuming card ranking session.  
Based on our experiences from comparative evaluations with and without the card ranking 
technique, test participants find it easier to discuss and reflect on picture cards representing a 
design solution rather than their experiences of the solutions recalled from the memory.   
3.2  Concrete tools of reference  
We observed that the cards supported the test participants’ memory by providing “knowledge 
in the world”, i.e., concrete reference tools that help them remember and distinguish between 
the various design solutions. Moreover, the cards allowed tests participants to recognize and 
literarily “point” at problems or advantages, instead of having to recall them from their 
memory.  
We consider it crucial that the picture cards are carefully designed so that they effectively and 
simplistically communicate the distinct properties of each illustrated solution.  
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3.3  Facilitating post-test interviews and data analysis 
In addition to acting as memory aids for test subjects, picture cards were also helpful in terms 
of facilitating concluding interviews with test participants. For the facilitator the picture cards 
were especially useful for focusing and guiding the discussion, and promoting systematic and 
solution specific feedback from the participants. By referring back to the cards, the facilitator 
brought the discussion back “on track” when the test participants were heading off-topic.  
During post-test interviews the pictures cards acted as common references between the 
facilitator and the test subject (or between test participants as shown in Figure 2). This helped 
the different parties understand which design solution comments and questions were related to 
and reduced confusion. It also simplified the video data analysis, since the analyst could see 
and interpret what design and design aspects the participant referred to.  
The arguments given by test participants during the card ranking exercise were analyzed to 
identify categories of factors affecting usability. For some studies, data was coded into software 
for qualitative data analysis and analyzed using an approach inspired by grounded theory [16]. 
3.4  Quantitative data on the users’ preferences  
The card ranking exercise generated quantitative data on users’ preferences. These data were 
used as a statistical indicator for which designs or design aspects that were most preferred by 
the users and therefore appropriate for further development.  
For each usability test, the card order was coded from 1 (least preferred) to n (most preferred), 
and the median card rank, average and total card score was calculated for each design solution. 
These resulting scores gave an indication of users’ preference, but more detailed analysis was 
required to check for statistical significance.  
 
Figure 3. The card ranking exercise revealed factors important for the overall usability of the system
and how each design solution accommodated these factors. This example is from a further analysis of 
[16].  
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 A Friedman test on the data set revealed if there were any significant rank differences between 
the design solutions. If this test were positive, we performed a Mann-Whitney test, which 
tested the significance of the rank difference for each pair of design solutions, giving a total of 
∑(n – 1) tests. 
4.  Discussion 
The card ranking technique was developed for comparative usability evaluations where the 
talk-aloud technique was inappropriate, and where high cognitive demands was put on the 
user, who had to remember and differentiate between a number of alternative solutions. The 
cards acted as cognitive reminders and concrete reference points, both for the participants and 
for the facilitator.  
Card ranking is a low cost technique. Since the card ranking technique is used in parallel with 
the post-test interview, the time cost is limited to designing and printing the cards. In addition, 
the technique also helps focus the interview. The solutions, represented by tangible cards, are 
the topic of the discussion, and the participants and facilitator are constantly reminded about 
that. Moreover, the technique is non-intrusive; the cards are used as the focal point of the 
post-test interview, but can be ignored if the circumstances require it.   
When increasing the number of solutions being evaluated, the cognitive load on the test user is 
likely to increase. A higher number of candidate solutions will therefore probably  increase the 
applicability of card ranking exercises.    
Using the ranking data as a statistical indicator of preference, as described above, can be 
problematic. It only provides quantitative data on preference of one solution over another – it 
fails to quantify how much better the solution is rated. In addition, given the effect of sample 
size on statistical significance, we deduce that a large number of test subjects are needed to 
give more reliable ranking data. Therefore we consider the qualitative dimension to be most 
important; the arguments used by the users when ranking the solutions can provide valuable 
insight into what usability factors are important for the participants.  
Instead of considering card ranking as a card sort variant, we rather regard it primarily as a 
qualitative technique helpful during comparative evaluations. The technique triggers user 
reflection, helps the user and test facilitator focus the interview, and supports the analysis of 
data. 
5.  Conclusions 
Comparative usability evaluations are useful in terms of informing further system design. 
However, such evaluations are challenging since they put an added cognitive burden on test 
participants.  
Ranking exercises with picture cards illustrating design solutions is a non-intrusive, cheap, and 
efficient technique that we have found highly useful in the context of comparative usability 
testing. In addition to providing quantitative data on users’ preferences, the technique helps 

users distinguish between design solutions, promotes user reflection, aids the test subjects’ 
memory and act as a concrete and common reference tool for both test subjects and facilitator 
during post-test interviews. It also simplifies the post-test data analysis.  
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